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Endocrine DisruptionEndocrine Disruption
Testing ProgramTesting Program

Too many chemicals to testToo many chemicals to test
Lack of sufficient and relevant dataLack of sufficient and relevant data

Prioritize and focus limited resources on 
chemicals and problem areas estimated to 
pose greatest potential hazard

Agency Problem:



Computational Toxicology:Computational Toxicology:
The application of mathematical and computer 
models and molecular biological approaches to 
improve EPA’s

prioritization of data requirements
risk assessments

Chemicals Chemicals 
of concernof concern

Gather 
relevant 
information

Develop 
and apply
models

Perform 
extrapolations

Inform risk 
assessment



ChemistryChemistry--based Data Mining based Data Mining 
& Exploration:& Exploration:

Chemical(s) Chemical(s) 
of concernof concern

StructuralStructural
analogsanalogs

ChemicalChemical--
specific specific 

datadata

PropertyProperty
analogsanalogs

Biological/Biological/
mechanisticmechanistic

analogsanalogs

Structure-Activity Relationships
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SAR ClassificationSAR Classification QSAR CorrelationQSAR Correlation

Activity = f (structure)

Structure-Activity Relationships (SAR):

Analogy Analogy 
HeuristicsHeuristics
MachineMachine--Learning InferenceLearning Inference
Statistical Correlation:Statistical Correlation:



Develop new 
SAR model

StructureStructure--based Screening & based Screening & 
Prioritization:Prioritization:

Chemical(s)
of concern

Apply existing 
SAR model

DataData

DataData

DataData

DataData

DataData

DataData

Place in context of 
existing data and 
understanding

Mine existing 
data for 
structural &
biofunctional
analogs



•• Scattered sourcesScattered sources

•• NonNon--standard formatsstandard formats

•• Diverse information contentDiverse information content

•• Lack of chemical structure annotationLack of chemical structure annotation

•• Cannot access full databaseCannot access full database

Limitations of Public Toxicity Limitations of Public Toxicity 
Data for Use in SAR:Data for Use in SAR:



Chemical structures &Chemical structures &
standardizationstandardization

Open public Open public 
access & access & 

partnershipspartnerships

Bridging Bridging 
diverse toxicity diverse toxicity 

disciplines disciplines 

DSSToxDSSTox

Improved Improved 
coordination, coordination, 
collaborationscollaborations

Improved Improved 
access utility access utility 

of toxicity of toxicity 
datadata

Improved toxicityImproved toxicity
prediction modelsprediction models



DDistributedistributed
SStructuretructure--SSearchableearchable
ToxToxicityicity
PublicPublic
DatabaseDatabase
NetworkNetwork



http://www.epa.gov/nheerl/dsstox
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DSSTox Site Map:DSSTox Site Map:







DSSTox Database Design:DSSTox Database Design:

ToxicologyToxicology ChemistryChemistry
Toxicological

Data Chemical 
Structures &

Properties

Context Utility for SAR

Relevance

Toxicologists
Biologists
Risk Assessors
Domain Expertise

SAR Modeling
Machine Learning
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3D QSAR



•• Data file format (SDF)Data file format (SDF)

•• File naming convention File naming convention 

•• Chemical structure information fields  Chemical structure information fields  

•• Documentation requirementsDocumentation requirements

•• Publishing requirementsPublishing requirements

DSSTox Toxicity Database DSSTox Toxicity Database 
Standards:Standards:



DSSTox Standard Chemical Fields:DSSTox Standard Chemical Fields:
•• StructureStructure 2D chemical structure 2D chemical structure 
•• StructureShownStructureShown Description of displayed 2D structure Description of displayed 2D structure 

–– tested form, simplified to parent, predicted form, active ingredtested form, simplified to parent, predicted form, active ingredient of formulation, general formient of formulation, general form
•• FormulaFormula Empirical molecular formulaEmpirical molecular formula
•• MolWeightMolWeight Molecular weight in atomic unitsMolecular weight in atomic units
•• CASCAS Chem Abstracts Service No. for StructureShownChem Abstracts Service No. for StructureShown
•• SMILESSMILES Linear text notation for 2D StructureShownLinear text notation for 2D StructureShown
•• DSSTox_IDDSSTox_ID Counter allows unique identification of recordCounter allows unique identification of record
•• DSSTox_FileName DSSTox_FileName Name of file included in each recordName of file included in each record
•• ChemName ChemName Chemical name from original data baseChemical name from original data base
•• SubstanceTypeSubstanceType Broad substance classificationBroad substance classification

–– defined organic, inorganic, organometallic, polymer, mixture or defined organic, inorganic, organometallic, polymer, mixture or unknownunknown
•• TestedFormTestedForm Tested form of chemicalTested form of chemical

–– parent, salt,parent, salt, complex, unknown or multiple formscomplex, unknown or multiple forms

•• AddToParentAddToParent Salt counterions or complexed moietiesSalt counterions or complexed moieties
•• CAS_TestedFormCAS_TestedForm CAS No. for tested form of chemicalCAS No. for tested form of chemical
•• SMILES_TestedFormSMILES_TestedForm SMILES code for the tested form of the chemical SMILES code for the tested form of the chemical 
•• ChemNoteChemNote Additional qualifier info for chemical fieldsAdditional qualifier info for chemical fields

–– defined mixture characteristics, uncertainty in structure or CASdefined mixture characteristics, uncertainty in structure or CAS, stereochem, replicate, etc., stereochem, replicate, etc.
•• ChemCountChemCount Counter for structure or CAS duplications in dbCounter for structure or CAS duplications in db



Tested form
Simplified to parent
General form
Active ingredient of formulation
Monomer of polymeric form

StructureShown

CAS
SMILES
Formula
MolWt

LinkedLinked--content fieldscontent fields





NCTRlogRBA

ER RBA

ChemClass ERB

Activity Group 
ERB

Rationale 
ChemClass ERB

MeanChem
Class ERB RBA
LogP
F1, F2, …F6

ChemClass FHM
MOA
MOACONF
CLOGP
LC50
LC50NOTE
LC50RATIO
MIXMOA
TOXINDEX
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BEHAVIOR

ChemClass DBP

Concern Level

Rationale

Rational Source

Analog
ChemName

AnalogCAS

AnalogSMILES

SAL CPDB

TD50 Rat

TD50Mouse

Target Sites 
Rat Male

Target Sites
Rat Female

Target Sites 
Mouse Male
….
Other Species

Integrating Diverse Databases from a Integrating Diverse Databases from a 
Chemical Structure Perspective:Chemical Structure Perspective:

CPDBCPDB DBPCAN       EPAFHM         NCTRER     ….DBPCAN       EPAFHM         NCTRER     ….

Standard Chemical FieldsStandard Chemical Fields



DSSTox Project Feasibility:DSSTox Project Feasibility:
Direct Benefits to Data Source CollaboratorsDirect Benefits to Data Source Collaborators

Chemical structure annotationChemical structure annotation
Construct standardized DSSTox data fileConstruct standardized DSSTox data file

MainMain--author of DSSTox “publication”author of DSSTox “publication”
Reach audience of potential users/collaboratorsReach audience of potential users/collaborators
Control presentation of dataControl presentation of data

+ Source
Tox DBi

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1 …DBi
DSSTox

DBs

Source DB can now be linked with DSSTox DB library Source DB can now be linked with DSSTox DB library 
and structure searched.and structure searched.

DSSTox Toxic ity Data Files

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1 …DBi
DSSTox

DBs

Source DB can now be linked with DSSTox DB library Source DB can now be linked with DSSTox DB library 
and structure searched.and structure searched.

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1 …DBi
DSSTox

DBs

Source DB can now be linked with DSSTox DB library Source DB can now be linked with DSSTox DB library 
and structure searched.and structure searched.

DSSTox Toxic ity Data Files



DSSTox Database Network:DSSTox Database Network:

How can DSSTox files be used?How can DSSTox files be used?

WhatWhat’’s next?s next?



NCTRlogRBA
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MeanChem
Class ERB RBA
LogP
F1, F2, …F6

ChemClass FHM
MOA
MOACONF
CLOGP
LC50
LC50NOTE
LC50RATIO
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ChemClass DBP
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Mouse Male
….
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Begin to incorporate standard Begin to incorporate standard toxtox fields (fields (ToXMLToXML))

CPDBCPDB DBPCAN       EPAFHM         NCTRER     DBPCAN       EPAFHM         NCTRER     ……..

Standard Chemical FieldsStandard Chemical Fields

Standard Tox Fields:  Standard Tox Fields:  species, sex, strain, assay, dosespecies, sex, strain, assay, dose



•• FDA Max Recommended Therapeutic Dose FDA Max Recommended Therapeutic Dose -- Pharmaceuticals Pharmaceuticals 

•• NCTR Androgen, Thyroid, and Endocrine Disruption DatabasesNCTR Androgen, Thyroid, and Endocrine Disruption Databases

•• NTP Rodent carcinogenicity bioassays, NTP Rodent carcinogenicity bioassays, subchronicsubchronic bioassays, bioassays, 
developmental, repro, developmental, repro, immunoimmuno, etc.  , etc.  

•• ICVAM databases on LD50, skin sensitization, local lymph node aICVAM databases on LD50, skin sensitization, local lymph node assay, ssay, 
skin skin corrosivitycorrosivity, endocrine disruption, etc, endocrine disruption, etc

•• EPA pesticide ecotoxicity databaseEPA pesticide ecotoxicity database

•• Developmental toxicity database (literature Developmental toxicity database (literature –– FDA,TOPKAT)FDA,TOPKAT)

•• UniLeverUniLever Skin Sensitization databaseSkin Sensitization database

•• EPAEPA’’s High Production Volume (HPV) chemical datas High Production Volume (HPV) chemical data

•• EPAEPA’’s Integrated Risk Information System (IRIS)s Integrated Risk Information System (IRIS)

Migrate More Public Toxicity Data into DSSTox Migrate More Public Toxicity Data into DSSTox 
Standard Format:  Phase II, III, Standard Format:  Phase II, III, ……



Chemical Relational Databases: Chemical Relational Databases: Exploration across Exploration across 
toxicological domains and structural/biological axestoxicological domains and structural/biological axes

ACD: ChemFolder

AccordAccord
OracleOracle

ISISISIS
ChemFolderChemFolder
ChemFinderChemFinder
LeadScopeLeadScope

BioRadBioRad

Freeware SDF Viewer ApplicationFreeware SDF Viewer Application

NonNon--EPA onEPA on--line structure searchingline structure searching

EPA onEPA on--line structure searchingline structure searching

CambridgeSoft: ChemFinder



Coordinating Public Efforts:Coordinating Public Efforts:

ISSCentral – Freeware CRD

NCI Structure-Browser

Advanced Chemistry Development

EPA/Syracuse Res Corp



Historical
Toxicity data

Collaboration with NIEHS/National Center for Collaboration with NIEHS/National Center for 
Toxicogenomics: Toxicogenomics: Chemical Effects in Biological Chemical Effects in Biological 
System KnowledgeSystem Knowledge--Base (CEBS)Base (CEBS)

Gene
expression

Gene 
Function

Proteomics

Gene
Pathways



Collaboration with NIEHS/National Center for 
Toxicogenomics: Chemical Effects in Biological 
System Knowledge-Base (CEBS)

DSSTox Standard Chemical Fields

DB7DB6DB5DB4DB3DB2DB1

DSSTox Toxicity Data Files

DSSTox  +DSSTox  +

Historical
Toxic ity data

Gene
expression

Gene 
Function

Proteomics

Gene
Pathways
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ChemoChemo--bioinformatics: bioinformatics: 
Expanded Relational Search DomainsExpanded Relational Search Domains



•• Structural AnnotationStructural Annotation
•• File standardizationFile standardization
•• Standardized fieldsStandardized fields
•• DocumentationDocumentation
•• Quality reviewQuality review

Improved Improved 
SAR SAR 
modelsmodels

ImprovedImproved
biofunctional biofunctional 
classificationsclassifications

Relational searching Relational searching 
capability across capability across 
information domainsinformation domains

Improved Improved 
data data 

exploration exploration 
capabilitiescapabilities

DSSTox Public 
Toxicity Data Network
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Adoption of DSSTox Adoption of DSSTox 
data/file standardsdata/file standards

DSSTox
Increased use Increased use 

of chemical of chemical 
structure structure 
searchingsearching

Improved toxicity Improved toxicity 
predictionspredictions

Improved public Improved public 
access to access to 

toxicity datatoxicity data



• Cancer Potency Data Base - rodent carcinogenicity…….. Lois Swirsky Gold, Thomas Slone
• EPA - Ecotoxicity (fathead minnow, Teratox)………..……. Chris Russom
• EPA/OPPT,OW – DBP cancer assessment……………… Yin-tak Woo, Mary Manibusan
• FDA/NCTR - Estrogen receptor binding data base….…… Weida Tong, Hong Fang
• FDA/CDER – Maximum recommended dose drugs …….. Dan Benz, Ed Matthews, Joe Contrera
• EPA/OPP, Ecotox – pesticides ………….………………… Brian Montague, Pauline Wagner
• NTP Gene-tox data; IRIS ………………………………… Errol Zeiger, Zeiger Consulting
• Nat Ctr Toxicogenomics: CEBS …………………………. Mike Waters, Ray Tennant
• GlaxoSK - GeneTox/NTP Salmonella database………… Neal Cariello, Vijay Gombar
• NIEHS/NTP Rodent carcinogenicity, etc ...……………… Skip Eastin, Doug Bristol
• Developmental toxicity …………………………………… Vijay Gombar (GlaxoSK), Orest Macina
• ICVAM Toxicity databases ………………………………… Ray Tice, Marc Jackson, ILS
• Unilever Skin Sensitization Database……………………… Martin Barrett, Marlin Consulting
• ZEBET Acute Toxicity Database …………………………… Julie Penzotti, Rational Discovery
• Tulane/Xavier Univ – Endocrine Disruption ……………… Tom Wiese
• NCI – SDF tools, CACTVS structure browser….……….… Marc Nicklaus
• LeadScope – SDF/XML converter, FDA carcinogens ..…… Chihae Yang
• SDF Viewer application …………………………………… Thomas Harrocks, Intuitive Software Solutions

• ACD – ChemFolder, WebBase ………………………….. Antony Williams, M Hachey, G Shear
• CambridgeSoft – ChemFinder application ………………. Rich Talbot
• EPA scientific advisors ……………………………………. Stephen Nesnow, Adam Swank
• EPA/CSC – web development, IT ………………………… Brian Garges/ D Kanipe, D Marshall

DSSTox Collaborators/Advisors/Acknowledgements:DSSTox Collaborators/Advisors/Acknowledgements:



DSSTox Development Team:DSSTox Development Team:
•• ClarLynda Williams ClarLynda Williams –– Coordinator, Lead Project TechnicianCoordinator, Lead Project Technician

–– NCCU/EPA COOP Student Trainee 12/00NCCU/EPA COOP Student Trainee 12/00--12/02; EPA 12/0212/02; EPA 12/02--8/038/03
•• Jamie BurchJamie Burch

–– NCCU/EPA COOP Student Trainee 11/02NCCU/EPA COOP Student Trainee 11/02--2/042/04
•• Brian RogersBrian Rogers

–– NCCU/EPA COOP Student Trainee 1/04NCCU/EPA COOP Student Trainee 1/04--presentpresent
•• Audrey EvansAudrey Evans

–– ECO/EPA Summer Student Trainee, Summer ECO/EPA Summer Student Trainee, Summer ’’0303
•• Todd StewartTodd Stewart

–– EPAEPA--UNC Student COOP, Spring/Summer 02UNC Student COOP, Spring/Summer 02
•• Nina Fields Nina Fields 

–– Shaw Univ. High School Minority Mentoring Program, Summer Shaw Univ. High School Minority Mentoring Program, Summer ‘‘0202
•• James BeidlerJames Beidler

–– EPA Summer Student Employee, WarrenEPA Summer Student Employee, Warren--Wilson College, Summer Wilson College, Summer ‘‘0101
•• Daniel OhuobaDaniel Ohuoba

–– Shaw Univ. High School Minority Mentoring Program, Summer Shaw Univ. High School Minority Mentoring Program, Summer ’’0101
•• Adam Swank Adam Swank 

–– ECD, EPAECD, EPA


